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Abstract Background. Cirrhosis is a diffuse process of 
hepatic fibrosis and regenerative nodule formation of un- 
known pathogenesis. Transforming growth factor (TGF) 
/31 induces the production of extracellular matrix proteins 
by liver cells and has been implicated in the pathogenesis 
of hepatic fibrosis in laboratory animals. TGFa is a hepato- 
cyte mitogen that participates in liver regeneration. 

Methods. Using Northern blot analysis, we studied the 
expression of TGF/31 messenger RNA (mRNA) in liver 
specimens from 42 patients with chronic hepatitis and 
cirrhosis and 12 subjects with either normal or fatty 
livers. The results were correlated with measurements 
"if procollagen Type I mRNA in liver tissue, procollagen 
Type III peptide in serum, and the degree of histologic 
injury. We also investigated whether TGFa mRNA would 
be detectable in biopsy specimens of livers with prolifera- 
tive activity. 

Results. TGF/31 mRNA expression correlated close- 
ly with the expression of procollagen Type I mRNA 



(r = 0.94) and serum procollagen Type III peptide 
(r = 0.89) and with the histologic activity index (r « 0.73). 
All patients with increased fibrogenic activity (serum pro- 
collagen Type III peptide level, >11.9 ^9 per liter) had 
increased levels of TGF01 mRNA (2 to 1 4 times the levels 
in the control group or in patients with normal fibrogenic 
activity), and both TGFa and H3 histone (a marker of DNA 
synthesis) mRNAs were detectable in patients with re- 
generative nodules. Six of eight patients with hepatitis 
C treated with interferon alfa for one year had sustained 
clinical responses with normalization of serum procollagen 
Type III peptide and aminotransferase activity. All these 
patients had normal levels of TGF/31 mRNA in liver speci- 
mens obtained at the end of the year. 

Conclusions. TGF/31 may have an important role in 
the pathogenesis of fibrosis in patients with chronic liver 
disease, and TGFa expression may be associated with 
liver regeneration in these patients. (N Engl J Med 1991; 
324:933-40.) 



FIBROSIS is an important component of advanced 
chronic inflammatory liver disease.'" 3 In cirrhosis, 
: brosis is accompanied by cell necrosis and nodular 
i ^generation. 211 Hepatic fibrosis is a complex process 
that involves changes in the amounts of extracellular 
matrix components, activation of cells capable of pro- 
ducing matrix materials, cytokine release, and tissue 
remodeling. 1 ' 4 " 7 

In addition to being an inhibitor of DNA synthesis 
by hepatocytes, 8 " 12 transforming growth factor (TGF) 
/31 is associated with hepatic fibrosis. 13 ' 15 TGF/31 in- 
creases the production of extracellular matrix proteins 
nd their receptors and inhibits the synthesis of ma- 
. nx-degrading proteolytic enzymes. Iti "' 20 In the liver, 
TGF/31 induces collagen synthesis in lipocytes. 21 " 24 
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These cells, located in subendothelial spaces, are be- 
lieved to become activated in hepatic fibrosis. 1,4 ' 6,23 " 27 
Using an experimental model of schistosomiasis in 
mice, Czaja et al. ri found an increase in the content of 
TGF/31 messenger RNA (mRNA) in the liver of in- 
fected animals, in parallel with an increase in Type I 
procollagen mRNA. Nakatsukasa et al.- 4 also found a 
positive correlation between TGF/31 mRNA and pro- 
collagen I, III, and IV mRNAs in the livers of rats 
with carbon tetrachloride-induced hepatic fibrosis. In 
view of these observations, we wondered whether the 
expression of TGF/31 mRNA would correlate with 
various indicators of liver fibrosis and injury in hu- 
mans. We therefore measured the steady-state levels 
of TGF/31 mRNA in liver biopsy specimens from pa- 
tients with chronic hepatitis and cirrhosis and corre- 
lated its expression with that of procollagen Type I 
mRNA in the same biopsy specimen and with serum 
levels of procollagen Type III peptide. To determine 
the extent of proliferative activity in the livers of pa- 
tients with chronic hepatic disease, we measured the 
expression of H3 histone mRNA, generally considered 
a good marker of DNA synthesis. Since TGFa is 
a potent hepatocyte mitogen produced in vivo and 
in vitro by hepatocytes stimulated to proliferate, 0,31 
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uc analyzed the correlation between the expression of 
H3 histone mRXA and TGFar mRNA in chronic liver 
disease. Finally, in a .small group of patients with 
chronic hepatitis C, we determined whether treatment 
with interferon alia reduced the fibrogenic and prolif- 
erative activitv of the disease and the expression of 
TGF/31 mRNA in the liver. 

Methods 

Study Groups 

Liver biopsy specimens were obtained from 46 patients with ele- 
vated serum alanine aminotransferase (ALT) activity who had ei- 
ther clinical features suggesting chronic liver disease or a previous 
diagnosis of such disease. Specimens were also taken from eight 
patients with normal results of liver-function tests who had under- 
gone cholecystectomy for cholelithiasis, with no clinical complica- 
tions. The protocol for this study was approved by the ethics com- 
mittee of the University of Navarra (Pamplona. Spain), and 
informed consent was given by all patients. The specimens (mini- 
mal size. 16 mm long) were obtained with a TruCut biopsy needle. 
Approximately .half of each specimen was immediately frozen in 
liquid nitrogen and stored at -80°C until it was used for RNA 
extraction: the rest of the specimen was processed for histologic 
itudy according to standard procedures. 

The specimens of \ of the 46 patients showed fatty liver but no 
fibrosis or necrosis. These 4 patients together with the 8 with normal 
liver function constituted the control group (7 women and 5 men, 
ranging in age from 29 to 51 years; mean age. 46). The 42 patients 
with hepatic fibrosis or necrosis (20 with chronic hepatitis and 22 
with cirrhosis) included lu' women and 26 men. ranging in age from 
21 to 62 years (mean. 42). This group of 42 patients was divided 
into three subgroups as follows. 

Chronic Hepatitis B Infection 

Eleven patients (three women and eight men, ranging in age from 
21 to 61 years; mean age, 154) had positive tests for at least six 
months for serum hepatitis B surface antigen and anti-core anti- 
body and negative tests for antibody against hepatitis B surface 
antigen. In three of these patients, markers for viral replication 
(hepatitis B virus e antigen, viral DNA. and viral DNA-polymerase 
activity) were present in serum: in the other eight, these markers 
were absent and anti-e antibody was present. All patients were 
negative for anti-delta antibody. 

Chronic Hepatitis C Infection 

Twenty-nine patients (12 women and 17 men, ranging in age 
from 21 to 62 years: mean age. 45) had elevated serum levels of ALT 
activity for at least six months and a diagnosis of chronic hepati- 
tis (14 patients) or cirrhosis (15 patients) based on liver biopsy. All 
had a history of parenteral exposure to hepatitis C virus and a posi- 
tive serum test for anti-hepatitis C antibodies. None of the patients 
had detectable scrum hepatitis B surface antigen or antinuclcar, 
anti-smooth muscle, or mitochondrial antibodies, and alt had nor- 
mal serum levels of copper, iron, transferrin, ceruloplasmin, and 
a,-aniitrypsin. Likewise, none had drug- or alcohol-induced liver 
d isease. 

Nonviral Chronic Liver Disease 

I wo patients had nonviral chronic liver disease. They were a 50- 
ytar-old woman with primary biliary cirrhosis (amimitochondrial 
antibody liter, 1/320; histologic stage IV) and a 21 -year-old man 
with active cirrhosis associated with ulcerative colitis (viral markers 
and autoantibodies were absent). 

None of the patients in the three groups had scrum antibodies to 
human immunodeficiency virus Type I (HIV-I). 

Interferon Treatment 

Light patients (four with chronic hepatitis and four with cirrhosis; 
I wo women and six men. ranging in age from 21 to 59 years; mean 
age, 37) from the subgroup with hepatitis C were studied after one 



year of treatment with interferon alfa-nl (lymphoblastoid inter- 
feron: Wellferon. Galloso— Wellcome. Madrid). These patients we- 
treated in a randomized trial that included a total of 36 patients 
Although liver specimens were obtained from the eight patients 
before and after treatment. RNA could be measured onlv in the final 
biopsy specimen since no samples had been obtained for RNA ex- 
traction at the time of the original biopsy. Interferon was given 
according to the following schedule. 

induction Phase 

Daily doses of 3 million units were given until serum ALT levels 
decreased to less than 50 L" per liter (upper limit of normal range. 
40) and remained stable for two weeks. If this failed to occur with! 
two months after the start of treatment, the daily dose was increas. 
to 4.5 million units. This dose was given until the serum ALT leve ; -. 
decreased to less than 50 U per liter and remained at this concentra- 
tion for a two- week period, or for two months if the serum ALT level 
did not fall to less than 50 L : per liter. At the end of the induction 
phase, seven of the eight patients had serum ALT levels in the 
normal range. 

Maintenance Phase 

All eight patients (including the patient who had not responded 
to treatment during the induction phase) were treated with 3 million 
units of interferon three times a week for 3 months, followed ! 
doses of 1 .5 million units three times a week, for a total of 12 mont: 
of treatment (induction and maintenance phases). 

During the one-year treatment period, six of the eight patients 
had normal serum AL T levels. One patient had a transient response 
(normal serum ALT levels for several months, followed bv reactiva- 
tion of liver disease and abnormal AL T levels). The patient who did 
not have a response to interferon during the induction phase also 
had no response (no change in scrum AL T level) during the rest of 
the treatment period. 

RNA Extraction and Northern Blot Analysis 

RNA was isolated from frozen liver tissue according to a modii; 
cation of the Chirgwin procedure/ 111 :n The liver specimens were 
homogenized in 4 M guanidinium ihiocyanate solution. After low- 
speed centrifugation to remove cellular debris, the samples were 
layered on a 3.5-mi cushion of 5.7 M cesium chloride in 25 mM 
sodium acetate (pH 5). They were then centrifugeel for 20 hours at 
20 ? 000 rpm in a Beckman SW40 Ti rotor. The RNA was dissolved in 
water and recovered by cthanol precipitation. RNA content was 
measured by spectrophotometry (absorhance at 260 nm). 

RNA samples ( 10 /ig per lane) were fractioned by electrophoresis 
in 6.2 percent formaldehyde- 1 . 1 percent agarose gels and trans- 
ferred to nitrocellulose fillers in 20X SSC (lx SSC is 0.15 M 
dium chloride-0.015 M trisodium citrate). To ensure that simi!. 
amounts of RNA were loaded into the various gel lanes, the quanti- 
ty of 18S and 28S RNA was determined by ethidium bromide fluo- 
rescence staining before RNA transfer. The blots were then hybrid- 
ized at 42°C for 72 hours with :i -P-labelcd complementary DNA 
probes for human TGF0I , H human TGFa (925-bp EcoRl fragment 
of human prepro-TGFa, provided by Dr. G.I. Bell), human a, (I) 
procollagen 1 " (clone Hf677, provided by Dr. K. Zaret), murine H3 
histone gene {Snl\~BnmH \ 204-bp fragment from histone 3.2. pro- 
vided by Dr. L. Biempiea), and rat glyceraldchyde-3-phosphate 
dehydrogenase 13 (provided by Dr. R. Wu). All probes were la- 
beled by nick translation." After washing at 50°C. the filler* 
were exposed to Kodak NAR-2 film at -70°C with intensil;.'! 
screens. The autoradiographs were quantitated by scanning clei.-. 
tomctry with a Gilford spectrophotometer. The expression of o,(li 
procollagen mRNA was determined in only 34 patients because of 
technical problems with the hybridization procedure in one of the 
fitters. 

The expression of glyceraldehyde-3-phosphatc dehydrogenase 
mRNA was used as the internal control for each specimen. The 
content of TGF/31 mRNA (densitometry absorbance after 96 hours 
of autoradiographic exposure), TGFa mRNA (192 hours of expo- 
sure), procollagen I mRNA (24 hours of exposure), and H3 histone 
mRNA (192 hours of exposure) was normalized to that of glycera'- 
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dchydr-3-phnsphatc dehydrogenase mRNA (2 hours of exposure) 
in the same biopsy sample. 

Amino-Terminal Peptide of Procollagen Type 111 

.v*rum proccillaiicn 111 amino-ierminal peptide was measured 
with a commercial radioimmunoassay kit iRlA-gnost P-III-P; Beh- 
rimrwfike AG. Marburg. Germany). Normal values (mean rSD. 
9.9 r 1 .0 fig per (tier > were established from serum measurements in 
! _> normal subjects (4 women and 8 men. ranging in age from 29 to 
49 years; mean a^e, 39). 

Viral Markers 

Commercially available radioimmunoassay kits were used to de- 
tect hepatitis B surface and e antigens: antibodies to the surface, e. 
and core antigens; and ami-hepatitis delta antibodies (ACSRIA II. 
AL'SAB. CORAB. H Be kit. and ami-Delta kit: Abbott Laborato- 
ries. North Chicago). Serum levels of hepatitis B virus DNA and 
DNA-polvmerasc activity were measured by dot hybridization and 
enzvniatic reaction as previously reported. !7 W Antibodies against 
hepatitis C and HIV- 1 were determined by enzyme-linked immuno- 
sorbent assay (On ho. Raritan. N.J.. and Abbott Laboratories, re- 
spectively). 

Liver Biopsies 

Biopsv specimens were graded for their decree of periportal, por- 
tal, and lobular inflammation and fibrosis according to the scoring 
system of Kuodell ct al.'* Coded specimens were examined by a 
pathologist who had no knowledge of their source. 

Statistical Analysis 

The results are presented as means =SD. The results were evalu- 
ated by analysis of variance, polynomial regression, the Mann- 
Whitncy test, the Wilcoxon signcd-rank test, and Fisher s exact test. 

Results 

TGF/31 mRNA Expression and Fibrogenesis 

We first determined whether the various indicators 
of fibrogenesis correlated with each other in the 42 
patients with chronic hepatitis or cirrhosis. The ex- 
pression of procollagen Type I mRNA in liver speci- 
mens on Northern blot analysis correlated directly 
with the serum levels of procollagen Type III amino- 
terminal peptide (r = 0.91, P<0.001) (Fig. 1A). Fur- 
ihermorc, the serum levels of procollagen Type III 
peptide correlated significantlv with the serum levels 
of ALT (r = 0.84, 'P<0.00lj (Fig. IB). We then 
measured the expression of TGF/31 mRNA and pro- 
collagen Type I mRNA in each specimen from the 
patients with chronic hepatic disease and the con- 
trol group (Fig. 2). To eliminate variations that 
might be caused by technical procedures, the levels 
of TGF/31 mRNA' and procollagen Type I mRNA 
in each patient were calculated in relation to the 
level of glyceraldehyde-3-phosphate dehydrogenase 
in the same sample (Fig. 2). An analysis of the re- 
sults in all patients revealed that the expression 
of TGF/31 in the biopsy specimens correlated strong- 
Iv with that of liver procollagen Type I mRNA 
( r = 0.94, P<0.001; n = 32) and with the serum levels 
of procollagen Type III peptide (r = 0.89, P<0.001) 
(Fig. 3). Liver concentrations of TGF/31 mRNA 
and serum concentrations of procollagen Type III 
peptide were low in the control patients (mean procol- 
lagen Type III peptide concentration, 10.0±0.3 fig 




o 10 12 14 16 18 20 

c[ Serum Procollagen III (^g/liter) a 




10 12 14 16 18 20 



Serum Procollagen III (filter) B 

Figure 1 . Serum Concentrations of Procollagen Type III Peptide in 
Relation to Hepatic Procollagen cr t (l) mRNA Expression (A) and 
Serum ALT Activity (B) in Patients with Chronic Liver Disease (O) 

and Control Patients (•). 
In Panel A, the procollagen a,(\) mRNA content in 34 patients and 
12 control patients has been normalized to that of glyceralde- 
hyde-3-phosphate dehydrogenase mRNA as described in Meth- 
ods, and expressed in densitometry absorbance units. The mean 
(±SD) serum procollagen III values in the control group averaged 

10.0±0.3 jig per liter (range, 8.6 to 11.6). 
Panel B shows serum ALT activity in 40 patients with chronic liver 
disease and the 12 control patients. The mean (±SD) value in the 
control group was 25±4 U per liter 
(range, 18 to 32). 

per liter) but varied widely in the patients with chron- 
ic liver disease (Fig. 3). 

To analyze in more detail the relation between 
TGF/31 mRNA expression and fibrogenesis, the pa- 
tients were divided into two groups according to the 
serum level of procollagen Type III peptide: those 
with high fibrogenic activity (serum procollagen Type 
III peptide > 11 .9 jxg per liter, corresponding to 2 SD 
above the mean in the normal subjects) and those with 
normal fibrogenic activity. The patients with high fi- 
brogenic activity had increased levels of TGF/31 
mRNA, ranging from 2 to 14 times above the amounts 
found in the control group, whereas the patients with 
normal fibrogenic activity had TGFjSl mRNA levels 
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Figure 2. Representative Northern Blot Analysis of TGF/31 Pro- 

( \T,h A ^'Specimens from Control Patients, Patients 
with Chronic Hepatitis, and Patients with Cirrhosis. 

that did not dificr from the level in the control group 
(r.g 4 . Although there was considerable variation 
the highest levels of hepatic TGFjSl mRNA were de- 
tected in patients with cirrhosis who had high fibro- 
genic activity. 

TGF01 mRNA Expression and Tissue Injury 

The histologic activity index described bv Knodell 
ct al* can be used as a semiquantitative meth- 
od to assess the degree of histologic injury in chron- 
ic liver disease. For each patient, the ' scores for 
the total index and some subindexes were com- 
pared with the levels of TGF/31 mRNA in the same 
biopsy sample. TGF/31 mRXA expression correlat- 
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r = +0.89 
P<0.001 
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ed directly with the total index (r = 0.73. P<0 001) 
and some subindexes (piecemeal necrosis'- r = 0 6"' 
P<0 00l; fibrosis: r = 0.69, P<0.00l: lobular iniun 

0 53 P<0 0 1) 0 * 0055 a,Kl P0Mal inHammation: r = 

E UvwDtease 3 HiSt ° ne TGFa mRNAS Chronic 

To assess the level of proliferative activity in the 
livers of the 42 patients and the control group we 
examined the expression of H3 histone gene mRNA in 
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Figure 4 Hepatic TGF/31 mRNA Expression in Control Patients 
and Patients with Chronic Liver Disease Untreated or Treated 
with Interferon. 

The patients with chronic liver disease were divided into three 

?K, £°nE With hi9h ,ibr ° 9eniC 3C,ivi,y (a serum ProSlSS 
Type 1 1 peptide concentration higher than 1 1 .9 M g per liter corre- 

,he ™an + 2 SD in normal sublets), those w^fh 
normal f.brogemc activity, and those with chronic hepatitis C virus 
infection and high fibrogenic activity who were treated with inter- 
feron for one year. For each patient, TGF/31 mRNA content was 

1 3S descr,bed in Me,h °ds. CIR denotes cirrhosis, CAH 
The,nT e r a p! 1 V n, heP ( a !i ,iS ' ^ °? H Chr0nic P ersis,enl "epatitis. 
to trSf ??^ ea,ed 9r0up ,ncluded six P a,ienls wh ° responded 
to treatment (O), one patient who had a transient response (*) 

.nrinoH £ a ' en ! Wh ?u had no res P° n se (■). The other two groups 
w»h h!l P ,r' e 2, tS W ' th " n,eC,i0n wi,h he P a,i,is C viru * (O). infection 
^L. h riT" V ' rUS and positive (A) or ne 9 a,ive <•) status for 
viral DNA ,n serum, primary biliary cirrhosis (□), and cirrhosis 
associated with ulcerative colitis (A). 

ISh ^kI k 3 ' 116 ' 0r TGF/J1 ex P fe ssion in the group of patients 
with h gh f.brogemc activity who were not treated wtth interferon 
was sign.fcan.ly higher than the mean in the other three grouw 
shown (P<0.001). 

liver specimens. H3 mRNA was detectable bv North- 
ern blot analysis of specimens (Fig. 5) in all 22 pa- 
tients with cirrhosis, but in only 1 1 of 20 patients (55 
percent) with chronic hepatitis (P<0.01 bv Fisher's 
exact test). H3 mRNA was also detected in 8 of the 
2 control patients, although in very low amounts 
(F»g. 3). 

The pattern of expression of TGFa mRNA was 
similar to that of H3 histone (Fig. 5). TGFa mRNA 
was detectable in all patients with cirrhosis and in 
bO percent of those with chronic hepatitis (P<0 01 
by Fisher's exact test) and was present in vcrv low 
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with normalization of serum procollagen Type III 
peptide levels (concentration before vs. after therapy, 
16.4±4.0 vs. 9.3 ± 1 .3 Mg per liter; P<0.05 by Wilcox- 
on's signed-rank test) and serum ALT activity. In all 
six of these patients, hepatic TGF/31 mRNA expres- 
sion was in the normal range at the end of the treat- 
ment period and did not differ from expression in un- 
treated patients with normal fibrogenic activity or the 
control patients. TGF/31 mRNA expression was nor- 
mal in one patient who had only a transient response 
to interferon (indicated by the asterisk in Fig. 4), but it 
remained high in the patient who did not respond to 
the treatment (indicated by the square in Fig. 4; the 
serum level of Type III peptide in this patient was 
16.0 /xg per liter after therapy). Representative North- 
ern blot analyses of TGF01 mRNA in liver specimens 
of interferon-treated and untreated patients are shown 
in Figure 6. The expression of the mRNA was much 
lower in the treated and the control patients than in 
the untreated patients, with the exception of one pa- 
tient with chronic hepatitis and normal fibrogenic ac- 
tivity, who had low levels of TGF/31 mRNA (third 
lane from left, Fig. 6). 

H3 Histone mRNA Expression and Tissue Injury 

The expression of H3 histone mRNA in the patients 
treated with interferon was similar to that in the con- 
trol patients (Fig. 7). This was true not only of the six 
patients who responded to interferon but also of the 
two who had a transient response or no response to 
treatment (indicated by the asterisk and square in Fig. 
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Figure 5. Representative Northern Blot Analysis of TGF01, 

TGFa, and H3 Histone mRNAs in Liver Specimens. 
TGFa and H3 mRNAs were detected in patients with cirrhosis but 
were barely detectable in patients with chronic hepatitis or control 
patients. The expression of glyceraldehyde-3-phosphate dehy- 
drogenase (GAP) mRNA is shown for comparison. 



amounts in 4 of the 12 control patients. However, the 
intensity of the TGFa bands in the Northern blots was 
lower than that of the H3 histone mRNA (Fig. 5) and 
close to the limit of sensitivity of the method. Thus, 
although the determinations of H3 histone mRNA in 
all patients could be used for quantitative analysis, 
quantitation of TGFa mRNA was possible in only 16 
patients. In these samples the expression of H3 his- 
tone mRNA correlated with that of TGFa mRNA 
' v = 0.70, P<0.01; data not shown). 

Effect of Interferon Treatment 

TGF&1 mRNA Expression 

Eight patients with chronic hepatitis C virus in- 
fection (cirrhosis or chronic hepatitis) and high fi- 
brogenic activity were treated for one year with inter- 
feron as described in Methods. Six of these patients 
; Ki^. 4) had a sustained clinical response to treatment, 
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Figure 6. Representative Northern Blot Analysis of TGF/31 mRNA 
in Liver Specimens from Patients with Chronic Liver Disease Un- 
treated or Treated with Interferon. 
Blots are shown for a control patient, patients with cirrhosis, 
patients with chronic hepatitis, and patients infected with hepati- 
tis C virus treated with interferon (IFN) for one year. Note that in 
the treated patients, TGF01 mRNA expression was much lower 
than in untreated patients, with the exception of one untreated 
patient with chronic hepatitis and normal fibrogenic activity (third 
lane from left; a member of the group with normal fibrogenic activ- 
ity shown in Fig. 4). The expression of glyceraldehyde-3-phos- 
phate dehydrogenase (GAP) mRNA is shown for 
comparison. 
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Figure 7. Effect of Interferon Therapy on Hepatic H3 Histone 
mRNA Expression in Patients with Chronic Hepatitis C Virus 
Infection. 

The H3 mRNA content of each specimen was normalized to that 
of glyceraldehyde-3-phosphate dehydrogenase mRNA, as 
described in Methods. 
The symbols represent the same patients shown in Figure 4. CIR 
denotes cirrhosis, and CH chronic hepatitis. 

7). Portal and lobular inflammation and the degree of 
histologic damage decreased (Table 1) in the seven 
patients who had some response to treatment (six pa- 
tients with a sustained response and one with a tran- 
sient response). 

Discussion 

Although the changes in liver architecture that oc- 
cur in cirrhosis have been described in detail, the 
pathogenesis of fibrosis in this process is largely un- 
known. Collagens Type I and III, present in approxi- 
mately equal amounts, constitute about 80 percent of 
the total collagen content of the normal human liv- 
er. 1 * 4 " In fibrosis, the amounts of collagen increase, 
but the increases in Type I collagen are generally 
greater than those in Type III, increasing the ratio 
of Type I to Type III twofold to fourfold. U4 - 5 It is 



Table 1. Changes in the Histologic Activity Index 
and Subindexes in Patients with Chronic Hepatitis 
C Virus Infection Who Responded to Therapy 
with Interferon.* 





Before 


After 


Index 


Therapy 


Therapy 


Histologic activity index 


I2.4±3.2 


5.7*2.0t 


Subindexes 






Portal inflammation 


3.7-0.5 


2.6-0.8* 


Piecemeal necrosis 


4.12:1.6 


0.85±1.2t 


Lobular injury 


2.6-1.1 


0.7l*0.5t 


Fibrosis 


2.3±0.9 


1.6-1. 1 



•Value* ire mean* =SD in seven (if eight patients with chronic hepatitis 
C vim* infection: the score* did not change in the patient who did not 
respond to treatment. Indexes were calculated according to the method of 
Knodcll et aJ. w 

*P<0.05 by Wilcuxon's signed -rank te*t. 



not known whether these changes are due to increased 
collagen synthesis, decreased collagen degradation, 
or both. 

The expression of procollagen Type I mRNA in the 
liver is a good indicator of fibrogenic activity. 710 The 
serum level of procollagen Type III peptide also 
serves as a marker for liver fibrogenesis, although 
some peptide may be derived from collagen degrada- 
tion. 1 - 4 - 7 - 41 We found that the expression of TGF/31 
mRNA in the liver correlated directly with both the 
hepatic level of procollagen Type I mRNA and the 
serum level of collagen Type III peptide. In patient? 
with increased librogenic activity (indicated by high 
serum levels of procollagen Type III peptide), the 
expression of hepatic TGF/31 mRNA was 2 to 14 times 
higher than that in the control patients. These results 
indicate that collagen synthesis is an important com- 
ponent of fibrogenesis in chronic liver disease, and are 
in agreement with the work of Annoni ct al. 42 Further- 
more, the results suggest that TGF/31 may play a part 
in the pathogenesis of fibrosis in chronic hepatitis and 
cirrhosis. 

In cultured cells. TGF/31 stimulates the synthesis of 
collagens and other extracellular matrix components 
and retards their degradation. !ti * 20 In addition, TGF/31 
is capable of activating lipocytes, cells that are prob- 
ably a major site of synthesis of matrix proteins in 
chronic liver disease. l - 4 f '- 7 -- 1 a parallel increase 
in hepatic TGFj31 and procollagen mRNAs has been 
found in experimental models of liver fibrosis. 21,24 In 
particular, Nakatsukasa et al.- 4 found increased levels 
of TGF/31 mRNA in lipocytes, myofibroblasts, and 
fibroblasts in rats with carbon tetrachloride-induced 
liver fibrosis. In the early stages of fibrosis, TGFjSl 
mRNA was also detected in inflammatory cells infil- 
trating the liver. Similar studies are necessary to deter- 
mine which cells may be the sources of TGF/31 mRNA 
in the livers of patients with chronic hepatitis or cir- 
rhosis. Nevertheless, it is reasonable to speculate that 
in the development of cirrhosis, TGF/31 produced by 
lipocytes and perhaps other nonparenchymal cells in- 
duces collagen synthesis in these same cells. 

A substantial proportion of patients with chronic 
hepatitis C have improved during treatment with in- 
terferon alfa. 50 * 33 Although the response to treatment 
was sometimes transient, the lobular and periportal 
inflammation of the liver regressed in many patients. 
As part of a larger study of the effects of this form of 
interferon in patients with chronic hepatitis C, w we 
determined the amount of TGFjSl mRNA and procol- 
lagen Type I mRNA in liver specimens from patients 
treated with interferon for one year. Patients wlv = 
responded to treatment had normalization of th- 
biochemical indicators of fibrogenesis (serum level 
of procollagen Type III peptide and expression oi 
Type I procollagen mRNA in the liver) and normal 
amounts of liver TGF/31 mRNA at the end of treat- 
ment. Although the number of patients studied was 
small, the results suggest that treatment with inter- 
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feron decreases fibrogenesis. In this and other stud- 
ies 33 the histopathological score lor liver fibrosis 
changed little during treatment although the scores for 
mortal inflammation, piecemeal necrosis, and lobular 
luiurv decreased. Perhaps the degradation and resorp- 
tion of fibrous tissue requires more than 12 months as 
it does in patients with cirrhosis treated with colchi- 
cine We do not know whether the effect of interferon 
on Tvpe 1 procollagen mRNA is a consequence of us 
action on TGF/31 expression or whether the cflcct 
depends on the inhibition of viral replication. In 
experimental models of liver fibrosis that d.d not 
i.'.volve viral infection, interferon gamma decreased 
'the expression of procollagen 1 and III niRNAs in 
liver cells in a dose-dependent manner, both m vivo 

and in vitro. ,J 

TGFa mRN'A was detected in the livers of all pa- 
tients with regenerative nodules, but only in some 
natients with chronic hepatitis but no cirrhosis. In ad- 
dition, the expression of TGFa mRNA closely corre- 
lated with that of H3 histone mRNA, a good indicator 
of cell proliferation.** 1 These findings suggest thai in 
„ al icius with cirrhosis, TGFa is associated with he- 
o -.tic-cell proliferation as in liver regeneration in rats 
after partial hepaiectomy." Hepatocellular necrosis is 
an important initialing event in both extracellular ma- 
trix deposition and cell proliferation (regeneration) in 
cirrhosis ^ In patients with chronic hepatitis U 
who had a sustained response to interferon treatment, 
serum ALT activity and H3 histone mRNA expres- 
sion were normal. . 

In summarv. TGF/31 may have an important role in 
serogenesis in chronic hepatitis and cirrhosis, and in- 
terferon therapy in patients with ^chronic hepatitis C 
can decrease the expression of TGF01 mRNA and 
procollagen Tvpe I mRNA in the liver. Furthermore 
we suggest that TGFa may be associated with cell 
proliferation in patients with chronic liver disease. 

We are indebted to Ms. Deborah A. Martin. Ms. Eliabc.h Ko. 
md Ms Carol White (Broun University, Providence. R.I.) for tech- 
Support: .o Dr. Miguel A. Muftoz and Dr Joan Camps (Urn- 
m- , L-niversitaria. Pamplona. Spain) and Dr. M.gucl A. S.mon (So- 
i-i:,! Sccuritv Hospital. Lo K rono. Spain) for collaboration .n cluneal 
work- and to Drs. G.I. Bell. K. Zarei. L. B.emp.ca. J. Is... X.-H. 
Sun. and R. Wu for ilic gift of various probes. 
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